Ethnopharmacological relevance: Mexican people employed infusion of leaves of Choisya ternata Kunth for their antispasmodic and "simulative properties".
Introduction
Mexican orange (Choisya ternata Kunth, Rutaceae, subfamily Rutoideae, Bayer et al., 2009 ) is a small evergreen ornamental shrub with leaves which when bruised give off a strong and pungent smell. The abundantly produced and highly fragrant flowers make Mexican Orange an important and popular horticultural plant. Despite its popularity, the volatile oils of this species have only been investigated in detail on one previous occasion (Respaud et al., 1997) . Other previous phytochemical studies indicated the importance of its non-volatile anthranilate-derived alkaloid constituents. In particular, it has previously been shown to contain seven quinoline alkaloids (some of which widespread in the family Rutaceae): skimmianine, kokusaginine, 7-isopentenyloxy-c-fagarine, evoxine, choisyine, platydesminium methosalt and balfourodinium methosalt (Boyd et al., 2002; Grundon et al., 1974; Johns et al., 1967) . Recently, Boyd et al. (2007) have isolated a range of seventeen quinoline alkaloids, involving several types of oxidations during their biosynthetic pathways, from leaves of C. ternata.
In 1895, Boudoresques studied this species and undertook the first pharmacological test by experimenting the effects of aqueous effects of leaves on himself: he found them tonic and appetizing. On the other hand, the oil is strongly repulsive. In 1923, Standley reported that Mexican people employed infusion of leaves for their antispasmodic and "simulative properties"; C. ternata was registered in the 4 th and 5 th edition of the Mexican Pharmacopoeia. As far as we know, the present use of C. ternata is not widespread. However, it may be recalled that some
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A c c e p t e d M a n u s c r i p t 4 Rutaceae species, such as Ruta graveolens and Ptelea trifoliata, which have same chemical constitution, are still used pharmaceutically (Creche et al., 1993) .
The antispasmodic properties of the leaves are probably due to evoxine, which is known as sedative and spasmolytic. Kokusaganine has gangioplegic effects. The main tertiary alkaloide, skimmianine, is antidiuretic and hypothermic. Balfourodinium has been found to produce a slight spasmolytic effect on isolated rat duodenum (Creche et al., 1993) .
Volatiles play a significant role in plant-plant, plant-insect and other relationships conveying important messages that usually require minute quantities of volatile secondary metabolites that are part of an inhomogeneous group of compounds (commonly jointly termed as essential oils).
Many plants emit volatiles to attract pollinators or repel herbivores, especially useful at night when visual clues become insufficient. Essential oil constituents can be biosynthesized by several pathways, wherein benzenoids, isoprenoids and fatty acid derivatives are their most typical chemical classes (Knudsen et al., 1993) .
Natural substances derived from plants have played an extremely important role in the development of analgesic drugs and in the understanding of the complex mechanisms involved in pain transmission and pain relief (Yunes et al., 2005) . For example, salicin, a glycoside obtained from the bark of Salix species, was the lead compound for the synthesis of aspirin based on its activity and structural properties. Recently discovered antinociceptive substances include alkaloids, terpenoids and flavonoids (Calixto et al., 2000) . Such findings have opened new possibilities for research into new potent analgesic drugs based on structure-activity relationships.
Due to the obvious lack of detailed studies of the volatile chemistry of this Choisya species we set our goal to determine the chemical composition of the leaf essential oil of C. ternata. The second aim of this study was to assess the activity of the essential oil, crude ethanol extract, and selected constituents of the oil in chemical (acetic acid-induced visceral pain) and thermal (hot-plate test) A c c e p t e d M a n u s c r i p t 5 models of nociception in mice and to possibly collate these results to the ethnomedical uses of this plant.
Material and methods

General
UV spectra (in acetonitrile) were measured using a UV-1650 PC Shimadzu spectrophotometer (Tokyo, Japan). The IR measurements (ATR-attenuated total reflectance) were carried out using a Tested compounds (at 0.3, 1, and 3 mg/kg) were re-suspended in sterile corn oil and administered by oral gavages (p. o.) to mice. Essential oil and ethanol leaf extract were tested at 10, 30, and 100 mg/kg doses.
Isolation of essential oils and preparation of the ethanol extract
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Gas chromatography-mass spectrometry (GC-MS) analyses
Analyses of the oils were carried out by GC and GC/MS. The GC/MS analyses (three repetitions for each sample) were performed on a Hewlett-Packard 6890N gas chromatograph equipped with fused silica capillary columns HP-5MS and DB-5MS (5% phenylmethylsiloxane, 30 m×0.25 mm, then isothermally held for 10 min. As a carrier gas helium at 1.0 ml/min was used. The samples, 1 μl of the oil solutions in diethyl ether (1:100), were injected in a pulsed split mode (the flow was 1.5 ml/min for the first 0.5 min and then set to 1.0 ml/min throughout the remainder of the analysis; split ratio 40:1). Mass selective detector was operated at the ionization energy of 70 eV, in the 35-500 amu range and scanning speed of 0.34 s. GC (FID) analysis was carried out under M a n u s c r i p t 8 the same experimental conditions using the same columns as described for the GC/MS. The percentage composition was computed from the GC peak areas without the use of correction factors. Qualitative analyses of the essential oil constituents were based on the comparison of their linear retention indices relative to retention times of C 7 -C 31 n-alkanes on the HP-5MS (van den Dool and Kratz, 1963) with those reported in the literature (Adams, 2007) , and by comparison of their mass spectra with those of authentic standards, as well as those from Wiley 6, NIST02, MassFinder 2.3, and a homemade MS library with the spectra corresponding to pure substances and components of known essential oils, and wherever possible, by co-injection with an authentic sample (as indicated in Table 1 ).
Reductive methylation of methyl anthranilate
Reductive methylation was accomplished following a literature method (da Silva et al., 2007) employing it for the first time on an ortho substituted aniline. A mixture of 1.51 g of methyl anthranilate (10 mmol), 2.40 g of glacial acetic acid (40 mmol), 0.92 g of 35% aqueous formaldehyde (11 mmol), 1.31 g of zinc dust (20 mmol) and 20 ml of dioxane was stirred and heated at 50-60°C for the duration of 4 h. After completion of the reaction (monitored by TLC) aqueous ammonia was added and the reaction mixture was extracted with chloroform, followed by a usual work-up (drying with MgSO 4 and solvent evaporation) and gave 1.66 g of the crude product (consisting of ca. 80% of the wanted product, 8% of methyl N,N-dimethylanthranilate and 12% of the starting ester, as inferred from a GC-MS analysis). A portion of this product, 0.77 g, was directly subjected to the transesterification procedure as described below. The yield (76%) of the methylation step was determined gravimetrically after an MPLC fractionation using a A c c e p t e d M a n u s c r i p t 9 gradient of hexane and diethyl ether. This also gave an analytical sample to be utilized for spectral characterization.
Alkaline transesterification of methyl N-methylanthranilate
The same procedure was exploited for the synthesis of both isopropyl (1) ether with an increment step of 5%). In the case of the isopropyl ester (1) 0.70 g of the pure product was obtained (a 56% conversion of the methyl to isopropyl ester was achieved), while the other one (3) was obtained in the yield of 66% (0.82 g). A c c e p t e d M a n u s c r i p t 13
Isopropyl N-methylanthranilate
Methyl 2-(methyleneamino)benzoate
Acetic acid-induced abdominal writhing test
Mice were treated according to Whittle (1964) and adapted by Matheus et al. (2005) . Briefly, the total number of writhing following intraperitoneal administration of 2% (v/v) acetic acid (AA) was recorded over a period of 20 min, starting 5 min after AA injection. Mice were pre-treated with the test substances or acetylsalicylic acid (ASA -200 mg/kg) or vehicle, 60 min before administration of AA.
Hot-plate test
Mice were tested according to the method described by Sahley and Berntson (1979) 
Statistical analysis
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A c c e p t e d M a n u s c r i p t 14 All experimental groups were composed of 6-10 mice. The results are presented as mean ± S.D.
The AUC was calculated by Prism Software 5.0 (GraphPad Prism Software). Statistical significance between groups was determined by the ANOVA analysis of variance followed by Bonferroni's test. P values less than 0.05 (p < 0.05) were used as the significance level (* when comparing a treated group with a vehicle-treated group and # when comparing a treated group with an ASA/morphine-treated group).
Results and Discussion
A portion of the plant material was extracted for essential oils immediately upon collection. The other portion was allowed to air dry in a dark unheated room and after one week the sample was extracted. This provided two oils from this plant, oil 1 (fresh material) and 2 (after drying). In general, the two samples of C. ternata gave rather poor yields of their respective leaf oils (0.08%
Component identification along with their percent composition, RI values and methods of identification are summarized in Table 1 . The GC and GC-MS analyses of the hydrodistillate from C. ternata leaves revealed a complex mixture of compounds of which 157 were identified (the extent of identification of components being more than 98% of the total detected GC peak areas). The main difference between the two samples (1 and 2) was the fact that sample 2 showed a slightly high concentration of sesquiterpenoids. Sample 2 had a total of 157 compounds identifiable including 0.2% hemiterpenoids, 83.8% monoterpenoids, 13.6% sesquiterpenoids, 0.2% diterpenoids and 0.9% other unclassified molecules (Table 1 ). The essential oils from leaves of C. ternata show sabinene (ca. one third of the oils), terpinen-4-ol (around 10%), myrcene (7.8-8.3%), β-phellandrene (5.4-6.6%) and γ-terpinene (4.2-4.7%) as the major oil M a n u s c r i p t 15 components. In contrast, the previously investigated leaf oil of C. ternate (Respaud et al., 1997) showed the presence of α-phellandrene (64-71%) and myrcene (11.5%) as the predominant components. The previously mentioned study (Respaud et al., 1997) on the oil of this species resulted in the identification of only eighteen components (all of which were also detected by us). However, our attention was mostly focused on the minor components detected in the oils of this species. Two peaks in the GC chromatograms (detected in both samples 1 and 2) that were tentatively identified (based on mass spectral comparison with the MS from the Wiley-NIST data base) as methyl (2) and isopropyl (1) N-methylanthranilates were of great interest since nitrogen volatiles are known as potent floral volatiles that are difficult to detect and are frequently missed out during the analyses (Jabalpurwala et al., 2009) . A literature survey on these two compounds gave the following results: the methyl ester of N-methylanthranilic acid (2) was previously reported from a number of Rutaceae species (belonging to one of the two sister subfamilies, Rutoideae and Aurantioideae, namely the genera Zanthoxylum (Detoni et al., 2009; Dreyer and Brenner, 1980) , Citrus (Brophy et al., 2001; Jabalpurwala et al., 2009; Lota et al., 2000; Tomi et al., 2008) , Fortunella Pino, 2009a, 2009b; Umano et al., 1994) and Murraya (Imai et al., 1989) , respectively) with some sporadic (most frequently singular) occurrence (in low amount) in the unrelated genera Chamaecyparis (Thomas et al., 1966) , Corydalis (Olesen and Knudsen, 1994) , Jasminum (Calvarano, 1966; Cheng and Chao, 1979; Ito et al., 2002; Kaiser, 1988; Toda et al., 1983) , Mangifera (Pino et al., 2005) , Michelia (Kaiser, 1991) , Siphonochilus A c c e p t e d M a n u s c r i p t 25 (Viljoen et al., 2002) , and Trifolium (Honkanen et al., 1969) . However, the isopropyl ester (1) has never been detected in a sample of natural origin. Methyl N-methylanthranilate (2) is regarded as the marker compound of Citrus recutita (mandarin) essential oil, and the value of its isotopic 14 N/ 15 N ratio has been proposed as a means of natural sample authentification (Faulhaber et al., 1997) . This compound was found to be important in the aroma of mandarin peel oil and the flavor of mandarin juice (Fanciullino et al., 2006, Wilson and Shaw, 1981) , has been attributed with the attractiveness to Mexican fruit flies (Anastrepha ludens, Massa et al., 2008) and thrips (Thrips coloratus, Imai et al., 2001) , as well as the repellency in bird species (e.g. Sturnus vulgaris, Clark et al., 1991; other species, Schafer et al., 1983) , to possess the inhibitory effect on the L-alanineinduced initiation of spore germination in Bacillus subtilis (Prasad, 1974) , and induce a chemotactic response of Escherichia coli (Ohba and Hayashi, 1979) . It is also claimed to be phototoxic (Api, 1997) and to show an acute and short-term toxicity in rats (Gaunt et al., 1970) .
The N-demethylated ester (methyl anthranilate) is also a characteristic feature of the citrus oils (Jabalpurwala et al., 2009 ) but was not identified as the constituent of the currently investigated C. ternata oils. Also noteworthy is the fact that it serves an important biological role in plant defense as a bird repellent. The chemosensory irritation caused by this compound has been employed to not only protect crops (Avery et al., 2001; Curtis et al., 1994) but also prevent birdaircraft accidents (Engeman et al., 2002) .
Having all of this in mind we decided to corroborate our tentative structure assignments by comparing the chromatographic properties of the two oil components (supposedly methyl and isopropyl N-methylanthranilates, 2 and 1) to that of authentic material -synthetic samples of 1 and 2. Isolation from the at hand oil samples has been dismissed as an option due to the complex oil matrix and their low relative abundance in the oils. We have undertaken a synthetic effort to produce gram quantities of the mentioned two esters, and since the procedure already present in M a n u s c r i p t 26 the literature (Staiger and Miller, 1959, Dembele et al., 1988) was not convenient (low yields and complex reaction mixtures) a new strategy was envisaged. The commercially available methyl anthranilate was the starting material and a two step transformation (N-methylation and transesterification) of this molecule to isopropyl N-methylanthranilate (1) has been achieved in 43% overall yield. The reductive methylation, followed by transesterification with the isopropoxide was the preferred order of synthetic events (as depicted in Scheme 1). The reversed order gave a poor yield probably due to the steric hindrance of the isopropyl group rendering the necessarily transient ortho iminium cation unreactive to the in situ generated reducing agent (Zn + AcOH, da Silva et al., 2007) . This relatively recent approach to the reductive methylation of primary and secondary amines was used since the classical ones gave unsatisfactory results (formaldehyde (aq) and NaBH 4 -the main isolated product were the iminemethyl N-methylenanthranilate and aminal -N-(hydroxymethyl)-derivative, while the direct methylation with MeI gave an irresolvable mixture of the mono-and dialkylated products along with a significant amount of the unreacted methyl anthranilate). In order to exclude the possibility that compound 1 is a propyl rather than the isopropyl ester we employed an analogous reaction
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A c c e p t e d M a n u s c r i p t 27 sequence and obtained propyl N-methylanthranilate (3) in 50% total yield. To obtain pure samples of the three prepared anthranilates final reaction mixtures, after the usual workup, were subjected to a gradient MPLC (100% hexane to 100% Et 2 O, with the increment step of 5%). All reported yields take this purification step into account. After the co-injection of these three synthesized compounds with the oil of C. ternata, the originally proposed hypothesis was corroborated and compounds 1 and 2 were proved to be isopropyl-and methyl N-methylanthranilates.
The structural assignment of the synthesized compounds was achieved by spectral means (UVVis, IR, 1 and 2D NMR and MS). The 1 H NMR spectra of compounds 1, 2 and 3 all displayed two doublet of doublets (dd 6.66-6.67, 7.92-7.96 ppm) and two ddd (6.59-6.62, 7.38-7.39 ppm) signals in the chemical shifts range of aromatic protons. This pattern was indicative of an aromatic core ortho substituted with one electron donating group and an electron withdrawing carbonyl group (due to the anisotropic deshielding of the ortho H to the C=O group). Additional common features of the three compounds were the signals originating from the NHMe protons.
The N-methyl group unambiguously resonated at 2.90-2.92 ppm as a singlet. The exchangeable protons attached to the nitrogen atom pointed out to a subtle distinction between the methyl and propyl esters (appearing at  7.68 as a broad singlet for both 2 and 3) on one side and the isopropyl ( 7.75) on the other suggesting a somewhat different in strength intramolecular hydrogen bonding (again probably as a consequence of the more sterically demanding isopropyl group that tips the carbonyl of the ester outside of planarity with the aromatic ring). This is also evident from the corresponding IR vibrations of the N-H (3375, 3376, 3379 cm -1 , respectively for 1, 3 and 2). Thus, the spectra are consistent with the anthranilic acid core as the base structural fragment and the alcohol moieties making up the rest of the spectra. The ester groups appeared at (Yoshikawa et al., 1994) .
Correlations observed in these spectra give rise to the assignations given in Table 2 . For example, the overlapping signals at 110.5 ppm for 1 corresponded to C-1 and C-3.
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A c c e p t e d M a n u s c r i p t The obtained synthetic samples of compounds 1-3, as well as the essential oil and the ethanol extract of leaves were assayed for peripheral and central antinociceptive activity in two models used to evaluate the potential analgesic activity of drugs. The results for the first time show that the essential oil and crude ethanol leaf extract of C. ternata, and all of the anthranilates, when given orally, produce dose-related and significant antinociception according to assessment of the abdominal constrictions elicited by acetic acid and the hot plate test (Figure 1 ). The tested natural product isopropyl N-methylanthranilate (at 3 mg/kg) was more potent and efficacious than aspirin (at 200 mg/kg) in the acetic acid induced writhings assay and all the anthranilates were, at 3
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A c c e p t e d M a n u s c r i p t 30 mg/kg, more potent, and at a dose of 0.3 mg/kg, of a similar efficacy in relation to morphine (at 5 mg/kg) in inhibiting the heat-induced nociceptive response. The results of the first model (acetic acid induced writhing) showed that the activity was dependent on the substitution pattern in the following crescent order: 2 < 3 < 1 (Figure 1) . The responses to the thermal stimuli in the hot plate test (the second model) revealed that the substitution pattern also plays an important role in this case (the same crescent order: 3 < 1 again with methyl N-methylanthranilate displaying the least activity (Figure 1) ). The maximum response for isopropyl N-methylanthranilate was achieved at 60 minutes after the administration of the drug (at 10 mg/kg) and the effect goes down up to 120 minutes when no effect can be seen. With morphine the maximum effect is shown at 90 minutes after the administration of the drug and although it goes down with time it is still high and significant after 180 minutes.
Another interesting result of this current study was the fact that p.o. administration of the essential oil of the leaves of C. ternata exhibited one hundred times less potency and efficacy when compared with isopropyl N-methylanthranilate in preventing the acetic acid-induced pain.
This fits nicely with idea that the antinociceptive activity of the oil (that can be roughly regarded as a 100-1000 fold dilution of the anthranilates) is caused by the presence of the two anthranilates (the summed content of the methyl and isopropyl N-methylanthranilates is ca. 0.1%). Possibly the higher activity of the ethanol extract could be linked to other non-volatile (alkaloid) constituents of C. ternata leaves.
Since the nociceptive neurons are sensitive to non-steroidal anti-inflammatory drugs (NSAIDs) and to narcotics and other centrally acting drugs (Yunes et al., 2005; Calixto et al., 2000) , and although the anthranilates posses a high degree of structural similarity to the known antinociceptive molecule ASA and have a different time dependent nature of action when M a n u s c r i p t 31 compared with morphine, a deeper evaluation of these simple compounds (anthranilates), using antagonists and antibodies, is necessary in order to understand their mechanism of action. M a n u s c r i p t
Conclusion
Hence, these arguments confirm 1 as a new and biologically/ecologically interesting natural product. It is our proposal that this compound should be named ternanthranin for its very restricted occurrence in the natural world. We have screened commercially available samples of various oils of Citrus sp. for the presence of methyl and isopropyl N-methylanthranilates. Neither of the analyzed oils had the new alkaloid as its constituent, and only the oil of mandarin possessed a certain quantity (less than 1%) of the methyl ester (The volatile oils from peel of grapefruit, bergamot, lemon and orange contained neither the methyl nor the isopropyl esters.).
This constituent is, thus, a strong marker compound, and might have additional chemotaxonomical implications as new investigations provide further information on its natural
distribution.
Yet another aspect of the natural occurrence of this compound deserves comment. It is by no means an accident that the plant species that represents a rich source of anthranilate-derived quinoline alkaloids would be the one to produce two volatile alkaloids that probably originate from the commencement of the same pathway (the enzyme that is considered to perform the Nmethylation step has been isolated and characterized, Maier et al., 1995) either as a side product or as, and this is a mere speculation, a regulatory molecule of this metabolism. One other possibility is that 1 is merely an artefactual compound formed during hydrodistillation from the mentioned quinoline alkaloids or 2, but this seems unlikely due to two facts: 1) the methyl ester is an established natural product (whose biosynthesis has been investigated, Maier et al., 1995) and 2) the acid catalyzed (trans)esterification of N-methylanthranlic acid/esters (mimicking the hydrodistilation conditions) with isopropanol was entirely unsuccessful (this was our first attempt in the synthesis of 1) giving not even trace amounts of the desired ester.
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In summary, the results of the present study demonstrate for the first time that the ethanol extract and essential oil, as well as one of its minor alkaloid constituents from the leaves of C. ternata produce dose-related antinociceptive action in chemical (acetic acid-induced visceral pain) and thermal (hot-plate test) models of nociception in mice. The mechanism by which the isopropyl Nmethylanthranilate produces antinociception still remains unclear, but pharmacological studies are continuing so as to characterize the mechanism(s) responsible for the antinociceptive action.
Furthermore, the antinociceptive action demonstrated in the present study supports, at least partly, the ethnomedical uses of this plant.
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